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© Method for purifying factor VHI:C, Von Wiilebrand factor and complexes thereof. 



© Methods for purifying factor VI(!:C, von Wiilebrand factor (vWF) or complexes thereof from heterogeneous 
biological fluids are disclosed. The methods utilize a binding peptide, specific to either factor VIII:C or vWF, 
bound to an insoluble matrix. Peptides suitable for use within the methods are also disclosed. 
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METHOD FOR PURIFYING FACTOR VlllrC, VON WILLEBRAND FACTOR AND COMPLEXES THEREOF 



Cross-Reference to Related Application 

This application is a continuation-in-part of U.S. Patent Application Serial No. 062,896, filed June 16, 
5 1987, which application is pending. 

Technical Field 

io The present invention is directed toward methods for purifying proteins in general, and more specifi- 
cally, to methods for purifying factor VllhC, von Willebrand factor and complexes thereof from heteroge- 
neous biological fluids. 



75 Background Art 

Factor VllhC procoaguiant protein (also known as "Antihemophilic Factor") is a participant in the 
intrinsic pathway of blood coagulation, acting as a cofactor in the activation of factor X. Factor VIII:C 
procoaguiant protein (factor VIII:C) circulates at low concentration (about 200 ng/ml) in the plasma as a non- 
20 covalently linked complex with von Willebrand factor (vWF). 

Several hereditary disorders are associated with these two proteins, in individuals with the hereditary X 
chromosome-linked bleeding disorder, hemophilia A (also known as "classic hemophilia"), factor VllhC 
activity is absent. Hemophilia A is the most common hereditary disorder of coagulation, affecting about six 
men in every 100,000 (Bloom, Nature 303:474-475, 1983). Von Willebrand's disease is a hereditary 
25 bleeding disorder which results in extended bleeding time due to reduced levels of active vWF. This 
disorder affects about one person in every 100,000 (L Harke, Hemostatis Manual , 2d ed., F. A. Davis Co., 
Philadelphia, Pa., 1974). Currently, individ uals affected by these two bleeding disorders are treated with 
concentrates rich in factor VllhC and vWF, These protein concentrates, prepared from the pooled blood of a 
large number of donors, are expensive to produce and, though enriched for the specific factors required, 
30 still contain less than 1% factor Vlli:C and are contaminated with other proteins. In addition, there is a risk of 
viral contamination (e.g., hepatitis viruses and HIV-I) in the concentrates due to the use of pooled human 
plasma as the source of these coagulation factors and many hemophiliacs receiving the concentrates have 
been infected. 

Purification of factor VllhC has been complicated by its low abundance in plasma, extreme lability, and 

35 association with von Willebrand factor. Although expression of cloned factor VllhC in recombinant cells has 
been achieved (Wood et ah. Nature 312:330-337, 1984; Toole et aU Nature 312:342-347, 1984; Truett et ah, 
DNA 4:333-349, 1985), the recombinant proteins have not been extensively purified or characterized. 

A~number of purification methods for factor VltltC have been attempted, although they are characterized 
by somewhat limited efficiency. For instance, Farrugia et al. ( Thromb. Haemost. 51_:338-342, 1984) 

40 described a factor VlllrC purification method which involved precipitation of factor VllhC from plasma or 
cryoprecipitate with hydrophilic polymers, while Wagner et al. ( Thromb. Diath. Haemorrh. 22:64, 1964) 
described the purification of factor VllhC from plasma or cryoprecipitate using precipitation with lecithins. In 
addition, Madaras et ah ( Haemost. 7:321-331, 1978) have described the purification of factor VlthC from 
plasma or cryoprecipitate using chromatography on ion-exchange columns and gel filtration followed by 

45 heparin-sepharose affinity chromatography. Knutson and Fass ( Blood 59:615-624, 1982) described a 
multistep process for the purification of porcine factor VllhC. In general, these methods produce factor VlllrC 
in low yields and, in many cases, as a complex with vWF. 

The preparation of highly purified bovine factor VllhC derived from bovine plasma has been described 
by Vehar and Davie ( Biochemistry 19:401-410, 1980) using gel filtration and chromatography on a factor X- 

50 sepharose column as the final step of the purification procedure. Tuddenham et al. (J. Lab. Clin. Med. 
93:40-53, 1979) have described a method for purifying factor VlllrC using immunoaffinity chromatography. 
This method utilizes polyclonal antisera directed against vWF to adsorb the factor VllhC-vWF complex from 
plasma. Purified factor VllhC is eluted from the column using a calcium ion gradient. Austen ( British JL 
Haemat, 43:669, 1979) described a method for separating factor VllhC from contaminating plasma proteins 
using aminohexyl sepharose chromatography. These methods do not. however, result in a concentrated 
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product. 
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bound to an insoluble matrix, such that the factor VII1:C specifically binds to the peptide; (c) eluting the 
bound factor VHI:C from the peptide; and (d) collecting the factor VllhC-containing eluate. The method may 
also include a washing step and/or concentrating step as described above. 

Within yet another aspect of the present invention, directed toward purifying factor Viil:C from a 
s heterogeneous biological fluid containing FVUI:C-vWF complexes, the method generally comprises: (a) 
exposing the biological fluid to a peptide that specifically binds to either FVII!:C or vWF, the peptide being 
bound to an insoluble matrix, such that the FVtll:C-vWF complex specifically binds to the peptide; (b) 
eluting the bound complex from the peptide; (c) dissociating the FVIII:OvWF complex; and isolating the 
FVIIIrC. 

to The present invention also discloses peptides suitable for use within the methods described above. 
These and other aspects of the present invention will become evident upon reference to the following 
detailed description and attached drawing. 



15 Brief Description of the Drawing 

The Figure depicts the nucleotide sequence and predicted amino acid sequence for a cDNA encoding 
the a chain of human glycoprotein lb (GPIb). The amino terminus of the mature protein starts with + 1 , 
whereas the negative numbers (-16 through -1) represent the signal peptide. 

20 

Best Mode for Carrying Out the Invention 

Prior to setting forth the invention, it may be helpful to an understanding thereof to define certain terms 
25 to be used hereinafter. 

Heterogeneous Biological fluid: Any fluid containing cells, portions of cells, or cell products and 
including one or more proteins. Heterogeneous biological fluids include, but are not limited to, blood, 
plasma, serum, cell lysates, cell-conditioned media and fractions thereof. 

As noted above, the present invention provides a method for purifying factor VlllrC and/or vWF utilizing 
30 a binding peptide specific to either factor VlllrC or vWF, bound to an insoluble matrix. The use of binding 
peptides to purify factor Vlll:C, vWF and complexes thereof has major advantages over current purification 
methods. A binding peptide, as described above, preferably of 40 amino acids or less, may be commer- 
cially synthesized at a fraction of the cost of producing antibodies specific to vWF or factor Vll!:C. Further, 
the binding peptides described herein bind vWF or factor Vlll:C in a non-covalent manner such that the 
35 product may be eluted as a complex (vWF-factor VllhC) or as a pure product (factor VllhC or vWF alone). 
Elution of the products using high ionic strength buffers will not damage the binding peptide and will result 
in a column that is ready for reuse with a minimum of pretreatment Another major advantage of the 
invention is that the binding peptide is of human origin, in the event that some of the binding peptide 
becomes uncoupled from the matrix and contaminates the product, it will be less immunogenic compared 
40 to heterologous antibodies, and the small size of the peptide will result in its rapid clearance from the 
plasma. As a result any peptide contaminants present in the final preparation should not interfere with the 
normal function of the product. 

Binding peptides suitable for use in purifying factor VIH:C and/or von Willebrand factor may be derived 
from glycoprotein lb, factor IX, factor X, von Willebrand factor and factor VIII. These proteins interact with 
45 factor Vlll:C or vWF in a specific manner. 

In plasma, vWF and factor VlllrC exist as a non-covalently bound complex (for review, see L. W. Hoyer, 
Blood 58:1-13, 1981). The two proteins may be separated by treatment with a high ionic strength buffer, 
such as 0.25 M - 0.5 M CaCI 2 or 1 M NaCl. 

Glycoprotein lb (GPIb) is a platelet receptor which interacts with vWF to facilitate the adhesion of 
so platelets to exposed subendothelial collagen. GPIb is a heterodimer composed of disulfide-linked a- and 0- 
chains, the a-chain being the chain which contains the vWF binding domain (Okumura et aU J. Biol. Chem. 
253:3435-3443, 1978). 

Binding peptides for use in carrying out the present invention may be isolated by one of three general 
methods. The first method involves the synthesis of overlapping peptides of about 10 to 40 amino acids, 
55 preferably about 20 amino acids, in length. Such peptides may be synthesized according to procedures 
which are well known in the art (Merrifield, J. Am. Chem. Soc. 85:2149-2154, 1963; Houghten. Proc. Natl. 
Acad. Sci. USA 82:5131-5135, 1985) or the peptides may be manufactured, upon request through such 
commercial suppliers as Applied Biosystems (Foster City, Calif.), or Biosearch (San Rafael, Calif.). The 
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column using a high ionic strength buffer or the complex is eluted and subsequently dissociated in a high 
ionic strength buffer. In a preferred embodiment, the collected protein is concentrated. Preferred methods of 
concentrating include lyophiiization and the use of commercially available (e.g., Amicon) concentration units. 
The following examples are offered by way of illustration, and not by way of (imitation. 



EXAMPLES 



10 

Example 1 



75 

Binding assay for detection and characterization of factor Vlil:C binding peptides 

20 Factor VIII:C binding is directly assayed using a factor Vll!:C-enriched protein concentrate and 
radiolabeled monoclonal antibodies directed against factor V1II:C. A 96-well break-apart microtiter plate 
(Dynatech, Alexandria, Va.) is coated with native protein or peptide. A factor VIII:C-enriched protein 
concentrate is added to the plate and incubated for one hour. Excess factor VltkC is removed from the 
plates after incubation. Radiolabeled monoclonal antibodies, specifically directed against factor VllhC, are 

25 added to the piate and allowed to incubate for one hour. After incubation, excess label is removed and 
bound antibody is measured. 

Alternatively, direct binding may be assayed using the binding peptide-coated plates. Radiolabeled 
factor VUI:C may be used as a direct measure of factor VIII:C binding to the binding peptide. Radiolabeled 
vWF may be readily substituted in this assay to identify binding peptides specific for vWF. 

30 

Example 2 



35 

Identification of the GPIb binding domain for vWF 

40 As noted above, the binding domain for vWF resides in the a-chain of GPIb. The cDNA encoding the a- 
chain of GPIb has been cloned and sequenced and is shown in the Figure. The binding region is 
determined by synthesis of 20-amino-acid-long, overlapping peptides covering the first 340 amino acids of 
the mature a chain of GPIb. 

The vWF-factor VIII binding region of GPIb was identified by screening 22 synthetic peptides derived 

45 from the amino-terminal half of the GPIb molecule for the ability to bind to the vWF-factor Vtlt complex. The 
synthetic peptides (obtained from Biosearch, Inc., San Rafael, Calif.) were designed as 20-residue frag- 
ments with a 5-residue overlap between pairs. Affinity gefs, prepared by linking the amino groups of the 
synthetic peptides to amino hexanoic acid activated Sepharose-4B (CH-activated-Sepharose 4B, obtained 
from Sigma Chemical Co., St Louis, Mo.) were used to screen the peptides for binding. Briefly, the 

so experimental procedure included mixing reconstituted factor VIII concentrate (Alpha Therapeutic Corpora- 
tion, Los Angeles, Calif.) with the gel bound peptides, washing the resulting complex and etuting the factor 
Vitl activity. The ability of the immobilized GPIb-derived peptides to bind to factor VIII was evaluated by 
determining the factor VIII activity in the starting material, column wash, and the column elute. 

The peptides (5-10 mg) were dissolved in DMSO (2-3 mis), mixed with an equal volume of coupling 

55 buffer (0.1 M NaHCCh, pH 8.0) and then added to 3-5 mis of swollen, prewashed CH-activated-Sepharose 
48 (the gel was processed as suggested by the manufacturer). The mixture was incubated on a rocker at 
4*C for 20 hours. The coupling reaction was continued for one hour at 22 "C, The gels were then poured 
into columns and washed with coupling buffer followed by DMSO. The initial wash (coupling supernate) was 
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saved for analysis. The gels were blocked with 0.2 M glycine, pH 8.5 and presaturated with 1% BSA in 20 
mM imidazole buffer, pH 6.8, containing 150 mM NaCI (IBS) for 1 hour at 22 *C. The peptide-coupled, 
glycine-blocked, BSA-treated columns were washed extensively with IBS and used in binding experiments 
as described below. Control columns were prepared by using the same procedure except that the peptide 

s was omitted from the protocol. The extent of coupling was calculated after estimating the amount of peptide 
in the starting material, coupling supernate and initial washes using the ninhydrin reagent Using this 
procedure, 40% to 60% of each peptide was found to be coupled to the affinity chromatography gel. 

Factor VIII concentrate, reconstituted in IBS, was mixed with GPlb-peptide-Sepharose and incubated at 
22 ' C for 2 hours on a rocker. At the end of the incubation period the gel suspension was poured into a 

jo column, allowed to settle, and washed with IBS until the absorbance of the effluent as monitored at 280 nm 
reached the baseline. Factor VIII bound to the column was eluted with IBS containing 0.5 M NaCI and 0.2% 
Tween-80. The flow rate of the solvents during wash and elution was maintained at 0.7 ml per minute. 

The factor VIII activity in the starting material, column effluent and eiuate was quantitated by the one- 
stage clotting assay in order to evaluate the performance of the column. Pooled normal human plasma was 

15 used as the standard in the clotting assays. Mega-1 factor VIII standard (obtained from Alpha Therapeutic 
Corporation, Los Angeles, Calif.) was used to calibrate the pooled normal plasma. Factor VIII deficient 
plasma and pooled normal plasma were obtained from George King Biomedical, Inc., Overland Park, Kans. 
Clotting assays were done using an MLA-Electra-800 automatic coagulation timer (Medical Laboratory 
Automation, Inc., New York). 

20 Data from the binding experiments identified four peptides which were capable of binding to the factor 
VIII in the reconstituted concentrate. These peptides correspond to amino acid segments 165-184, 180-199, 
195-214 and 240-259 of GPIb. Primary sequences of these four peptides are shown in Table 1. 

Table 1 

25 



Amino Acid Sequences of Factor VIII Binding Peptides of GPIb 


Region 


Sequence 


Designation 


165-184 
180-199 
195-214 
240-259 


AGLLNGLENLDTLLLQENSL 
QENSLYTIPKGFFGSHLLPF 
HLLPFAFLHGNPWLCNCEIL 
TSNVASVQCDNSDKFPVYKY 


Pep- 12 
Pep- 13 
Pep-14 
Pep- 17 



35 

Data from the binding experiments are presented in Table 2. 



Table 2 



JO 


Sample 


Factor VIII (units) 






Pep- 12 


Pep-1 3 


Pep-14 


Pep- 17 


CH-Sep 


45 


Set A Starting Material 

Effluent 

Eiuate 


62 

42.4 (69) 
7.8 (13) 


62 

11.6 (19) 
14 (23) 


62 

22 (36) 
16.8 (27) 


62 

20.2 (33) 
21.6 (35) 


62 

60.8 (98) 
1.6 (2.6) 






Pep- 12 


Pep- 13 


Pep-14 


Pep-1 7 


CH-Sep 


50 


Set B Starting Material 

Effluent 

Eiuate 


27.4 
24 (88) 
3.2 (11.7) 


27.4 
6.2 (22,6) 
5.0 (18.3) 


27.4 
12.2 (44.5) 
11.2 (40.9) 


27.4 
8.0 (29.2) 
7.4 (27) 


27.4 
28(102) 
NA 



In set B the gels were precleaned with water and 50% CH 3 CN followed by IBS pH 6.8 prior to the 

experiment. NA: Elution of factor Vlll was not attempted. 

The numbers in parentheses represent percent factor Vlll in those fractions. 

The data presented in Table 2 indicate that the vWF-factor Vlll binding region of GPIb is situated between 
amino acid residues 165 and 260 of the protein. The data also support the concepts that the binding site is 
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made up of amino acids from a linear stretch of residues in the GPIb molecule and peptides derived from 
this region can' be used for affinity purification of factor VIII or vWF-factor VIII complexes. Based on these 
results, it is predicted that peptides derived from amino acid residues £1-5 to 239 of GPIb are involved in 
the binding of the vWF-factor VIII complex. The sequences of two overlapping peptides representing this 
region (designated Pep- 15 and Pep- 16) are shown in Table 3. 

Table 3 



10 



Region 


Sequence 


Designation 


210-229 
225-244 


NCEILYFRRWLQONAENVYV 
ENVYVWKQGVDVKAMTSNVA 


Pep-15 
Pep-16 



75 



20 



Example 3 



identification of the binding domain for factor Vlll:C on vWF 



25 The binding domain for factor VI!I:C on vWF is determined using limited proteolytic and chemical 
cleavage of vWF. vWF is purified by the method described by Chopek et at. ( Biochem. 25:3146-3155, 
1986). The purified vWF is subjected to degradation using CNBr cleavage (E. Gross and B, Witkop, J. Biot. 
Chem, 237:1856-1860, 1962) to generate vWF peptides. Alternatively, peptides are generated by using, for 
example, trypsin, chymotrypsin, lysine endopeptidase, or Staphylococcus aureus V-8 protease (Chopek et 

30 al., ibid.). 

The peptide mixture from the chemical or enzymatic digestion of vWF is subjected to chromatography 
on an HPLC/geI-p3rmeation column (GF-250, Dupont). Following this initial purification, the individual peaks 
from the gel-permeation column are subjected to further purification on HPLC columns using water- 
acetonitrite or water-n-propanol gradients containing 0.1% trifluoroacetic acid. 
35 Alternatively, overlapping peptides. may be synthesized on the basis of the amino acid sequence for 
von Willebrand factor (Titani et al. Biochemistry 25:3171-3184, 1986). 

The purified peptides are used in binding assays as described in Example 1 and Example 2. 



40 



Example 4 



45 



identification of binding domains for factor VHl:C on factor X and IX 



50 



Factors X and IXa are purified by the method described by Modi et ai. ( Thromb. Res. 36:537-547, 
1984). Purified peptides derived from these purified factors, native as well as reduced alkylated forms, are 
generated using the chemical and enzymatic procedures described in Examples 2 and 3. 

The peptides are screened using binding assays as described in Example 1 and Example 2. 



55 



Example 5 
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Affinity purification using a binding peptide specific for vWF 



An affinity matrix (e.g., prepared as described in Example 2) is incubated with a sample containing 
s factor Vll(:C. This mixture is incubated overnight at 4* C. The affinity matrix with bound factor V!II:C or vWF- 
factor V!I1:C complex is then packed into a column and washed with appropriate buffers (i.e.. 20 mM 
imidazole-HCl, pH 6.8, 10 mM CaCI 2 or 10% glycerol). Elution of specifically bound factor Vlil:C is 
accomplished by washing this column with a calcium or sodium ion gradient. The bound factor VIII:C elutes 
at approximately 0.3 M CaCI 2 . Bound factor VIII:C-vWF complex is eiuted from the column with a pH 
w gradient. If desired, the eiuted complex may be dissociated by CaCI 2 treatment and the factor VIH:C and/or 
vWF recovered by size fractionation (e.g., gel filtration). 



Example 6 

J5 



Affinity purification using a vWF-derived peptide 

20 

A factor VIII:C-binding peptide is derived from von Willebrand factor as described in Example 3. The 
peptide, preferably containing a terminal lysine or cysteine residue, is coupled to a solid matrix as 
described in Example 2. 

25 A sample of factor VIII:C-vWF complex is adjusted to 0.3 M to 0'.5 M CaCI 2 . The sample is then mixed 
with the prepared affinity matrix and the CaCI 2 concentration of the mixture is reduced to permit binding of 
the factor VilhC to the matrix. The mixture is then packed into a column and washed with a suitable buffer. 
The bound factor VIII:C is eiuted from the washed column with 0.3 M to 0.5 M CaCI 2 - 

From the foregoing it will be appreciated that although specific embodiments of the invention have 

30 been described herein for purposes of illustration, various modifications may be made without deviating 
from the spirit and scope of the invention. Accordingly, the invention is not limited except as by the 
appended claims. 

The features disclosed in the foregoing description, in the claims and/or in the accompanying drawings 
may, both separately and in any combination thereof, be material for realising the invention in diverse forms 
35 thereof. 



Claims 

40 1. A peptide that specifically binds to von Willebrand factor, comprising at least a portion of the amino 
terminal 340 amino acids of glycoprotein lb, 

2. The peptide of claim 1 wherein said peptide consists of between approximately four amino acids and 
forty amino acids. 

3. The peptide of claim 1 wherein said peptide includes a terminal lysine or cysteine residue. 

45 4. The peptide of claim 1 wherein said peptide consists of between approximately four and forty amino 
acids and comprises a sequence corresponding to a portion of amino acids 165-260 of glycoprotein lb. 

5. The peptide of claim 1 wherein said peptide is selected from the group consisting of PEP- 12. PEP- 
13, PEP-14. PEP-15. PEP-16 and PEP-17. 

6. A peptide that specifically binds to factor VIII:C, comprising at least a portion of von Willebrand factor 
so from four to forty amino acids in length. 

7. A peptide that specifically binds to factor VIII;C, comprising at least a portion of factor IX from four to 
forty amino acids in length. 

8. A peptide that specifically binds to factor VIH:C, comprising at least a portion of factor X from four to 
forty amino acids in length. 

55 9. The peptide of claim 6-8 wherein said peptide includes a terminal lysine or cysteine residue. 

10. A method for purifying von Willebrand factor (vWF) or a factor Vlll:C-von Willebrand factor complex 
from a heterogeneous biological fluid, comprising: 

exposing the biological fluid to a peptide according to any of claims 1 -6, said peptide bound to an 
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insoluble matrix such that the vWF or factor Vlll:C-vWF complex. specifically binds to said peptide; 
eluting the bound vWF or factor V!ll:C-vWF complex from the peptide; and 
collecting the vWF- or factor VI!l:C-vWF complex-containing eluate. 

11. The method of claim 10 including, subsequent to the step of exposing, washing non-specifically 
bound elements from the matrix. 

12. The method of claim 10 including, subsequent to the step of collecting, concentrating the factor 
V!ll;C-vWF complex or the vWF. 

13. The method of claim 10 wherein the step of eluting comprises exposing the bound vWF or factor 
Vlll:C-vWF complex to a pH gradient or a high salt buffer. 

14. A method for purifying factor VilkC from a heterogenous biological fluid containing factor VliitC-vWF 
complexes, comprising: 

exposing the biological fluid to a peptide according to any of claims 1-9, said peptide bound to an 
insoluble matrix, such that the factor V!ll:C-vWF complex specifically binds to said peptide; 
eluting the factor VIII:C from the complex; and 
collecting the factor VMi:C-containing eluate. 

15. The method of claim 14 wherein the step of eluting comprises exposing the bound complex to a 
high ionic strength solution. 

16. A method for purifying factor Vlll;C from a complex of factor V!II:C and vWF, comprising: 
dissociating the factor V!li:C-vWF complex; 

exposing the dissociated complex to a peptide that specifically binds to factor V!II:C, said peptide 
bound to an insoluble matrix, such that factor VIII:C specifically binds to said peptide; 
eluting the bound factor Vlll:C from the peptide; and 
collecting the factor Vlll:C-containing eluate. 

17. A method for purifying factor VIII:C from a heterogeneous biological fluid containing factor VIII:C- 
vWF complexes, comprising; 

exposing the biological fluid to a peptide that specifically binds to either factor Vlll:C or vWF, said 
peptide being bound to an insoluble matrix, such that factor VfH:C-vWF complex specifically binds to the 
peptide; 

eluting the bound complex from the peptide; 
dissociating the factor VIII:C-vWF complex; and 
isolating the factor VHI:C. 

18. The peptide according to any of claims 1-9, for use as an active therapeutic substance. 



10 



EP 0 295 645 A2 



► o o o o o 



o o 

C4 « 



O ^ 
O 4 



-8 

o 
— < 
o 



O 

< 

ft* O 

O 

u 

O 

o 

H 

u 
r2 

< 

o 

»— 

CJ 

o 
H* 
o 



u 



~J h> o 



u 
cj 

o 

H 
u 

8 



5 

8 

u 



o 

H» 

o 

H 

o 



< 



u 

o 

Q. CJ 

u 

M 

a. u 

u 

to 
•J »— 
o 

o 



< 
■ o 
< 

co 
I t— 
u 



< 



o 



>2 
co 

u ? 

< 

•i H» 
O 

U 

=: < 
to ^ 

<§ 

>2 



a: 8 



■ CJ 

< 



>■ < 



a- o 
u 

r2 

< 

CO 
.1 H* 
O 

CJ 

H u 

< 



o 
> H. 
cj 



u 

C/1 CJ 



u 
< 

CJ 

>- < 

o 

-J I— 
CJ 

u 
-J H 

CJ 
CJ 

o 

co 
H» 

CO O 

< 

_1 H. 

CJ 



CJ 


CJ 


CJ 


= < 


H» 


CJ 






CJ 


o 


H« 


*J H 


CO 


CJ 


co 


o 


< 


M H> 


co 


< 




a 


o 


H- CJ 


H» 


-< 


CJ 


< 


H- 


W CJ 


< 


< 


CJ 


o 


u 


o < 


CJ 


a 


CJ 




< 




CJ 





CJ 

o 

u 

o 
< 

CJ 



)— CJ 



h» c 



JO 
1 H» 

u 

CJ 

8 

H» 

3 



< 

:0 
H 

o 

= 2 

U 
CJ 

< 
u 



o 

H- 

O 
H 

co 

_ CJ 

o 

u 
o 
o 

CJ 
CJ 

< 

CJ 

H 



2 i 



8 J 

H» 

3 

< 



a 

O 

H> CJ 



CJ 

a. c_> 
U 

CO 
H* U 
< 

-.2 

O 
CJ 



< 

eu cj 
U 

CJ 

a. (j 
U 

CJ 

CJ 
I- CJ 

•< 
o 

*S 

o 
-a hi 
o 

o 

UJ < 

o 



5 =5 



co 

CJ 

CJ 

< 
H» 

o 

u 

o 

w < 

o 

o 

o 
— ] H> 

CJ 

o 



co to 

E °8 



o5 

u 

u 
•J H> 
u 

CJ 
<J 



to 

Is 



< 

u 
o < 

o 
u 
u 
*- 

x 5 

o 

w < 

o 
o 

^ Hi 

u 



^2 

o 

^2 



*8 

CJ 

CJ 

CJ 

C3 
UJ < 
O 



8 



«5 



a < 
o 



• o 



cj 

CJ 



« < 

o 

o 
a < 
o 

CO 

> f-t 
o 



CJ 

o 

"5 



8 

a 



o 



>2 



u,5 



o 
u 
u 

s8 



a:8 

o 



.2 



Ui -< 

o 



-J H» 

u 
u 
< 

a. 8 

«8 



CO 



°8 

Ot (J 

o 



>2 

CO 

a.8 

CJ 



o 
o 



CO 

o 

>2 

CO 



"1 



< 

-8 

ce co 
cj 

>2 

a < 

CO 



CO 
UJ < 
CO 



h- CJ 
< 

o 

o < 
CO 

CO 

UI < 

CO 

«5 

CO 

-< 
a. cj 

CJ 
CJ 

>* < 



u 

CO >- < CO to 



o < 

o 



CJ 

CJ 
Q < 
CO 

< 

Hi CJ 
CJ 

o < 
CO 



a3 
u 

< 
wo 
< 

< 
a* o 
u 



X < 

o 



o 
« o 



o 

CO o 



o 
cu o 
o 

CO cj 
< 

o 

°5 



a. cj 
o 



< 
r h 

o 



< 8 



Hi O 

O 
bl (J 
H 



co o 



CJ 



u 
a, h 



< 

-J H 

CJ 



*8 

. O 
CU (J 
CJ 

o 

H CJ 

< 



s < 

CJ 



B "8 



o* 

i sJ| 



U» H*< 



w o 
< 

o 

•H H» 

< 

o 
«o CJ 

H» 

x2 

■ < 

_ o 
a < 
u 



•J H» 

>-oi 



c.3 

U 

no 

< 



a: co 
< 



0U CJ 

o 

o 
o 

U. H» 



H» O 
< 

O 
H»U| 

o 

CO 

w -c 

CO 

o 

^3 



H» CJ 

<■ 



CJ 



Ll) 



EP 0 295 645 A2 



0 O O O 

01 «0 CM >0 



o o 
o 



o o o o 

O O — • «3 

<o «o *0 oa 



o 
o 



< 
a. u 

U 



< 

O 
ft* u 

O 

«s 

o 

•J »- 

o 

u 

W o 

< 
o 

WO 

o 

z 3 

< 

u 
o 

«8 

„ o 

flu o 

o 

>y 

O 

O 
a* (j 
o 

w < 

o 

< 

to o 

H 

U 

wo 
< 

o 

H U 
< 

O 

in y 

< 

flu o 
o 

o 

W U 
< 

< 

CU O 

a 

«3 

O 

W 

H O 
< 

W 

W o 



u 



o 

CU O 

u 
< 



HO 

<8 

o 
w 

< 

o 

I- o 

< 

cu o 
o 

o 

»-» W 

o 
o 

„ o 

Qm o 

u 

o 
< 

o 
o 

cu o 

o 

u 
w o 
< 

o 

< 

c 

cu o 

o 

to 8 
< 

u 

Cu o 

o 
o 

< s 

m o 

Cm O 

o 



U4 < 

o 
< 



u 

W O 

< 
o 

a, o 

o 
v> 

w < 

o 

•< 
a, o 
o 

u 

H U 

< 

o 
wo 
< 

o 

eu o 
u 

< 



o 
wo 
< 

o 
co o 



«3 



o 

*-! W 
CI U 



>2 

u 
eu o 
o 



< 
u 

W O 

< 



w o 
< 



W 
U. M 
W 

< 

H* O 

< 

to y 



< 

cu o 

o 

w 

wo 
< 

u 

w 
< 

o 

CO 8 

< 

< 
o 

< a 

w 

en o . 



>2 

o 
o 

»M W 



o 
o 
o 

U W 

o 



w 

eu o 
o 

o 
o < 

o 



< 

o 
« o 
w 



w 

X < 

u 



o3 

o 

o. 

•J w 

u 

>s 



o 

o 
a w 
o 



cu o 

o 

< 

cw o 
o 

o 



o < 
o 



«5 

o 

w 

cu o 

o 
u 

i w 

< 



,2 

o 

o 

o 
o 
< 

o 
u 

► w 

o 
o 

> w 

o 



o 

_J w 

u 



o 

-3 W 

o 
w 

,2 



>w 
o 



> < 

H 

o 
u. w 
w 

o 8 
' c 

-2 W 

o 

o 

o 
o 

•1 w 

u 



u8 



*-i W U. M 



o 



o 
Q < 

o 
o 

CU {J 

o 



~J w 
o 

w s 

o 

^2 W 

o 

o 

o 

< 
w o 
< 

o 
< 

HO 

< 
w o 

-i 

^ w 

u 
w 



w 
o 



o 
o < 
o 

o 
^ w 
o 

o 

< 

o 
o 



o 

> w 



X < 

o 



> w 
o 



to y 



j2 

o 



o 
o 

(4 O 



*3 

o 
o 

Urn H 



w 

HO 

< 
u 

Cv» O 

u 



u w 
u 



CO o 



w 

o 



o 



o 
u w 



o 

J w 

u 

<§ 

o 

„ o 

cu o 
o 

>e 

>2 

o 
o 

«3 

-< 

oS 

o 



-5 

co y 
-< 

o 

•J w 

o 

o 

o 
o < 

o 
w 

«5 

u 



o 



V3 O 

< 
o 

< 
w o 



u 

Cu o 

u 

a: 8 
< 

< 



o 
w 

5 

o 



< 

H 

o 
o 

W 

o 

i 

O 
H 

a 
< 

i 

< 
w 



o 
o 

< 

S 



< 
o 



°3 


c5 
w 


V A 

GTG GCi 


o 

*> o 
* t-» 


< 
_1 w 

o 


o 

J w 

o 


w 
a. u 
o 


w 8 
•< 




o 




° § 


o 


w 

CO o 
w 




o 
w 


s 5 


*8 

< 


w 
eu o 
o 


w 

•-4 W 

< 


«8 

o 


< 


< 
> w 
o 





o 

% 

o 

< 

o 



o 
w 
u 

o 

< 
a 
w 

< 

I— 

o 



o 
w 
o 



< 

8 
8 

< 



< 
O 



< 
o 

< 
o 

8 



3 



8 



< 



< 

o 

o 
w 
o 

< 

o 
o 
u 

o 

1— 

o 
o 

< 
o 
< 

3 

o 
< 
o 



o 
< 



< 

% 

o 
< 
< 
o 



5 

o 
< 

8 



O 

8 

< 
O 
O 

o 

y- 
O 

< 

o 



< 
o 
< 

o 
< 
o 

i 



< 
o 

w 

o 
< 

5 

O 

o 
w 
o 

w 

5 

O 

3 

< 

5 



< 

u 
12 

< 

o 
< 
o 

8 

w 

8 

< 
U 

o 
«< 
o 

< 
w 

< 



o 
o 

o 

o 

5^ 

o 
w 
o 



< 
o 

< 
o 
o 



o 

< 
w 
o 



s 

< 
I- 



w 
o 



8 



8 

w 

8 

o 
w 
< 



w 

< 
o 

o 

H 
O 



o 
o 



< 

o 



8 



O 

3 

< 

3 

< 

3 



< 

5 
< 
8 



< 



< 
W 
< 



< 

< 



< 

w 

O 



< 
w 



< 
w 
< 



w 
< 



o 
< 
o 



J 



Europaisches Patentamt 

European Patent Office © Publication number: 0 295 645 

Office europeen des brevets A3 



© EUROPEAN PATENT APPLICATION 





Application number: 88109532.7 


© int. cia C07K 7/08, C07K 3/18, 






A61K 37/02 




Date of filing: 15.06.88 




® 


Priority: 16.06.87 US 62896 


© Applicant: ZYMOGEN ETICS INC. 




no no oo i ic a coo?*? 
02.0 J.oo Uo io^o77 


4225 Roosevelt Way, N.E. 






Seattle Washington 98105(US) 




Date of publication of application: 






21.12.88 Bulletin 88/51 


© Inventor: Kumar, Anur Ashok 


© 




HvJUJ riClUUIIL rVVCJIUC l 1 ! Willi Ivl. ** 


Designated Contracting States: 


Seattle Washington 98103(US) 




DE ES GB IT NL SE 


Inventor: Hagen, Frederick S. 






3835 - 44th Avenue N.E. 




Date of deferred publication of the search report: 


Seattle Washington 98105(US) 




10.10.90 Bulletin 90/41 


Inventor: Sledziewski, Andrzej Z. 






14543 - 30th Avenue N.E. 






Seattle Washington 98155(US) 






© Representative: Brown, John David et al 






FORRESTER & BOEHMERT 






Widenmayerstrasse 4/I 






D-8000 Munchen 22(DE) 



© Method for purifying factor VIII:C, Von Willebrand factor and complexes thereof. 



© Methods for purifying factor VIII:C, von Wil- 
lebrand factor (vWF) or complexes thereof from het- 
erogeneous biological fluids are disclosed. The 
methods utilize a binding peptide, specific to either 
factor VIII:C or vWF, bound to an insoluble matrix. 
Peptides suitable for use within the methods are also 
disclosed. 



< 

in 

(p 

in 
oo 

CM 



LU 



Xerox Copy Centre 



European Patent 
Office 



DOCUMENTS CONSIDERED TO BE RELEVANT 






Option of document wirn mgicaiion. wh«r« aooroonjt*. 
of r«iev«m oasugn 


to cUim 


CLASSIFICATION OF Th£ 
APPLICATION (Ml CI ■< 1 


X 
A 


THE JOURNAL OF BIOLOGICAL CHEMISTRY 
vol. 261, no. 27, September 25, 
1986, pages 12579-12585, The 
American Society of Biological 
Chemists, Inc., US; 

M. HANDA et al.: "The von Willebranc 
factor-binding domain of platelet 
membrane glycoprotein lb. 
Characterization by monoclonal anti- 
bodies and partial amino acid 
sequence analysis of proteolytic 
fragments" 

* The whole article * 

PROC. NATL. ACAD. SCI. USA, vol. 
84, August 1987, pages 5610-5614; 
K. TITANI et al.: "Amino acid 
sequence of the von Willebrand 
factor-binding domain of platelet 
membrane glycoprotein lb" 

* The whole article * 

WO-A-85 4585 (NEW ENGLAND DEACONESS 
HOSPITAL) 


i 

1 
l 


C 07 K 7/08 
C 07 K 3/18 
A 61 K 37/02 


TECHNICAL FIELOS 
SEARCHED I'm CI 'i 


C 07 K 
A 61 K 




p\tc* ot sticn Dttt of comp+«tKXi o* th« M*fch Ex*m\c*< 

The Hague 27-03-1990 NOVOA Y SANJURJO 


CATEGORY CF CITED DOCUMENTS T : theory Of pnnciple underlying the invention 

E : oariief pit ant document, but published on. or 
X * oarticulirtv rel«v«nt •* t**en *lone Bttf me filing dart 
Y ; oarticulirtv relevant if combined with another 0 : document cited in the application 
' d cument of the same category L : document cited for other reasons 
A * tocnnoJooical background 

0 : n n*«ritten disclosure & : member of the same patent family, corresponding 
P • intermediate document document 



EP 88 10 9532 
Sheet -B- 



LACK OF UNITY OF INVENTION 

The Search Division considers that the present European patent application does not comply with the requirement of unity of 

invention and relates to several Inventions or groups of inventions. 

namely: 

1. Claims 1-5 and 10-18{partially) : Peptides that specifically 
bind to von Willebrand factor, comprising a portion of the 
amino terminal sequence of glycoprotein lb and their use 
for purifying VWF, factor VIII :C and VWF-f actor VIII :C 
complex. 

2. Claims 6 and 9-18 (partially) : Peptides that specifically 
bind to factor VIII :C, comprising a portion of von 
Willebrand factor and their use for purifying VWF, factor 
VIII :C, and VWF-f aptor VIII :C complex. 

3. Claims 7 , 9 (partially) , 14-18 (partially) : Peptides that 
specifically bind to factor VIII :C, comprising a. portion 
of factor IX and their use for purifying factor VIII :C. 

4. - Claims 8, 9(partially) ,14-18 (partially) : Peptides that 

specifically bind to factor VIII :C, comprising a portion 
of factor X and their use for purifying factor VIII :C. 
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